Optic disc pit (ODP) is a rare anomaly of the optic nerve head (ONH) characterized by gray, round, or oval atrophy in the disc, which is often associated with strands of attached and condensed vitreous collagen at the retinal surface.[@R1]--[@R3] ODP can be associated with serous retinal detachments at the macula (ODP-M) in 25% to 75% of cases, causing a significant visual loss at 20/200 or worse.[@R4],[@R5] Its clinical features include intraretinal and subretinal fluid accumulation, retinoschisis, and retinal pigment changes.[@R4] The clinical use of high-resolution optical coherence tomography (OCT) has enabled us to examine the fine retinal structure in ODP/ODP-M.

Based on OCT findings, a hypothesis was once proposed that a 3-directional connection between subretinal/intraretinal space, perineural space, and the vitreous cavity is the pathogenesis underlying fluid accumulation in ODP/ODP-M. The fluid may originally come from vitreous through hidden small retinal holes, from the choroid, or from retinal vascular leakage, or from cerebrospinal fluid.[@R2],[@R6]--[@R9] However, all these ideas have not yet been definitively confirmed with anatomic imaging because of limited resolution and retinal penetration capacity in previous generation imaging equipment. Besides, all previous cases reported were ODP/ODP-M pathologies in a mature state, when we never have got an opportunity to observe what happens at the initial disease stage and how it evolves. Therefore, a theories/hypothesis covering and explains a complete disease evolving process is very difficult to reproduce.

We know in some cases, ODP is a congenital anomaly related to the *PAX2* gene mutation[@R10] with variable expressivity of a single autosomal dominantly inherited defect.[@R11] Until now, no triggering factors have ever been reported to be associated with the development of maculopathy.[@R12] Here we report a case of ODP-M triggered by surgical iridectomy in a patient with primary angle-closure glaucoma with a preoperative normal retina and optic nerve, therefore, the first case that was ever reported in revealing ODP/ODP-M development at the very early disease stage. Using swept-source OCT (SS-OCT), we were able to investigate the fine and deep retinal structures. Besides, a whole-exome sequencing of the patient and her core family members were performed, and comprehensive bioinformatics tools sets were used to identify known and unknown genes that may cause the pathology of OPD/OPD-M.

CASE REPORT
===========

A 37-year-old female individual complained of left eye pain and swelling for about 1 year. The best-corrected visual acuity of the left eye was 20/30 and 20/20 in the right eye. The intraocular pressure (IOP) measured by the noncontact tonometer was 34.7 and 14.7 mm Hg for the left and right eyes, respectively. An ocular examination of the left eye revealed slight corneal epithelial edema, a very shallow peripheral anterior chamber depth, a dilated pupil of 7×7 mm diameter, and a transparent lens. The optic disc looked pale, and the cup to disc (C/D) ratio was 0.9. There were no pathologies identified in the right eye with a C/D ratio of 0.3, except that a shallow peripheral anterior chamber was present. Azarga (Brinzolamide and Timolol Maleate Eye Drops) and Alphagan (Brimonidine Tartrate) were prescribed for the left eye, and the IOP was controlled at around 17 mm Hg. Synechia angle closure in 9 of 12 clock hours (from 5 to 3 o'clock, of 75% total angle) was detected under gonioscopy in the left eye, whereas the right eye was II to IV degree narrow. A tunnel visual field and temporal visual island were detected during the Humphrey visual field test for the left eye. A diagnosis of primary angle-closure glaucoma was made for the left eye and primary angle closure suspect for the right one. Surgical iridectomy was performed on the left eye and laser peripheral iridotomy on the right eye, together with postoperative antiglaucoma medications. Preoperatively, there was no ODP/ODP-M in either eye. Images of fundus photography, ultrasound biomicroscopy, and OCT are summarized in Figures [1](#F1){ref-type="fig"}A--D. The best-corrected visual acuity and IOP changes during the follow-up period up to 1 year postoperatively are shown in Figures [2](#F2){ref-type="fig"}A and B. Postoperative IOP was well controlled as shown in Figure [2](#F2){ref-type="fig"}B.

![A--D, Preoperative images of fundus photography, ultrasound biomicroscopy, and optical coherence tomography.](ijg-29-e44-g001){#F1}

![A and B, The best-corrected visual acuity and intraocular pressure change during the follow-up period up to 1 year postoperatively.](ijg-29-e44-g002){#F2}

From postoperative month 2, the patient started to notice a slightly reduced vision in the left eye. The deterioration in visual acuity continued at each follow-up. SS-OCT was prescribed when the visual acuity dropped to 20/100. Posterior vitreous detachment, retinal edema, and retinoschisis ranging from the optic disc to the macula were detected (Fig. [3](#F3){ref-type="fig"}A). To illustrate the origins of accumulated intraretinal fluid, fluorescein fundus angiography, and indocyanine green angiography were performed, and no leakage was from either retinal blood vessels, retinal pigment epithelium, or choroidal blood vessels was identified. The only finding was enhanced fluorescence accumulated over the optic disc at later fluorescein fundus angiography stages (Figs. [4](#F4){ref-type="fig"}A, B). Diffuse reduction of retinal signals was detected in multifocal electroretinogram (mf-ERG) (Fig. [4](#F4){ref-type="fig"}C). A very faint fluorescence in the macular retinoschisis area was detected as a result of fundus autofluorescence (Fig. [4](#F4){ref-type="fig"}D). There were no pathologic signs noted within the contralateral right eye (Fig. [4](#F4){ref-type="fig"}E). We used SS-OCT to perform 320 consecutive scans of the optic disc area and 512 consecutive scans of the entire retina (Supplementary Video 1, Supplemental Digital Content 1, <http://links.lww.com/IJG/A383> and Supplementary Video 2, Supplemental Digital Content 2, <http://links.lww.com/IJG/A384>). Of all of these scans, a small channel-like connection was found between the vitreous cavity and retinoschisis, but the 2 ends had not yet communicated directly. This suggests that there may be a flap-like structure that opens only when pressure changes on both sides creating a gradient.[@R9] The same regimen of intensive scans was repeated 2 months after follow-up, and there were no obvious changes in the extent of retinoschisis or ODP, conforming to the idea that there is little or no self-recovery process in OPD/OPD-M (Supplement Video 3, Supplemental Digital Content 3, <http://links.lww.com/IJG/A385>).

![A, Postoperatively optical coherence tomography images revealed posterior vitreous detachment, retinal edema, and retinoschisis ranging from the optic disc to the macula. B--E, Vitreous cavity was connected to the retinoschisis through pits 1 to 3 and a valve/flap-like structure. Arrow indicates the pits and the links between them.](ijg-29-e44-g003){#F3}

![A--D, Postoperative images of fundus photography, multifocal electroretinogram, fundus autofluorescence of the left eye. E, The postoperative optical coherence tomography image of the contralateral right eye.](ijg-29-e44-g004){#F4}

DISCUSSION
==========

ODP is currently considered a congenital disease, whose etiology is still unclear. It is generally believed that ODP is caused by imperfect closure of the superior edge of the embryonic fissure.[@R13] However, considering that the ODP and ODP-M in our case only appeared after glaucoma surgery, it is necessary to identify whether it was caused as a pathology secondary to glaucomatous optic neuropathy (GON) or intraocular surgery.

Currently, there were several case reports describing peripapillary retinoschisis in patients with different types of glaucoma. Bayraktar et al reported that the prevalence of peripapillary retinoschisis in 940 various types of glaucoma patients was 3.1%,[@R14] and Lee et al[@R15] reported their prevalence was 5.9%. However, in these reports, retinoschisis happens in the advanced stage of glaucoma. In Lee and colleagues' study, an acquired optic nerve pit was found in 8 patients but not in Bayraktar and colleagues's study. In other studies, optic nerve pit was not identified.[@R16]--[@R19] These observations suggest that a link may exist during the development of retinoschisis in GON. It was proposed that there may be a microscopic interconnection within the nerve fiber layer (NFL) in patients with progressive glaucoma, acting as a conduit through which vitreous fluid may enter the retina.[@R20] Therefore, the pathologic changes associated with retinoschisis caused by glaucoma are mainly connected to the NFL around the optic disc, which is not associated with breaking the lamina cribrosa (LC). In brief, the channel and depression changes on the disc rim are detectable and obvious, whereas the LC is not affected.[@R21]

In contrast, our case is different in that structural changes have developed in the retina while postoperative IOP was well controlled and no manifest changes were identified between preoperative and postoperative optic nerve cupping (stable C/D ratios). Furthermore, the retinoschisis, in the form of atrophy and cavities, was detected at or behind the level of LC, whereas there were no changes detected within the NFL similar to those reported in other cases of GON-related pathology. Although it cannot be ruled out completely in our case that GON could be a contributing factor leading to the development of the disc pit, there is no evidence to prove that the occurrence of OPD/OPD-M is secondary to a progressive GON.[@R15],[@R22]

In contrast, classic ODP/ODP is believed to be the result of incomplete closure of the superior end of the embryonic fissure, which seems not to be suitable for explaining our case either.[@R3],[@R23],[@R24] Preoperatively, we had completely normal retinal and optic nerve structures as documented by OCT, therefore completely eliminating the possibility of an inborn pathology. To further test whether there is a genetic factor involved in our case, we performed whole-exome sequencing on this patient and her core family. All specific known or unknown gene mutations that may be related to retinoschisis were scrutinized. To rule out *de novo* mutation as both parents were unaffected, *de novo* mutation screening was according to several criteria: (1) variants classified as pathogenic or likely pathogenic following the American College of Medical Genetics and Genomics (ACMG) guidelines were included; (2) variants with frequencies in Genome Aggregation Database (gnomAD) and Exome Aggregation Consortium (ExAC) \<1×10^−3^ were included; and (3) nonsense and frameshift mutations, and splice site or predicted damaging missense mutations by SIFT or polymorphism phenotyping (PolyPhen)2 were included. There were no identified genetic mutations that could be potentially pathologic.

Therefore, we suspected the pathology in our case was acquired and secondary in nature and most importantly is a stage in which the disease was still in an early, developing process. However, there are not many acquired ODP reported in the literature, and these articles are not completely consistent with the clinical manifestations of congenital ODP[@R16],[@R25]--[@R27]; they are either simple retinoschisis or pit of the optic nerve, retinoschisis caused by optic disc depression during glaucoma progression, or a companion symptom.

Using high-resolution SS-OCT imaging, we can detect very small atrophic cavities within the ONH. A thorough screening of 320 consecutive imaging of ONH together with 512 consecutive images of the retina indicates that there may be direct connecting channels for the pathology and fluid accumulation (Supplementary Video 1, Supplemental Digital Content 1, <http://links.lww.com/IJG/A383> and Supplementary Video 2, Supplemental Digital Content 2, <http://links.lww.com/IJG/A384>). From Figure [3](#F3){ref-type="fig"}B--E, we could detect that the vitreous cavity was connected directly to pit 1, and pit 1 was connected to pits 2 and 3 directly. However, the direct channel between pit 3 and the retinoschisis was not found in the consecutive scanning although they are physically very close. There could be 3 explanations: (1) the connecting tunnel is not a straight line; therefore, its complete formation cannot be detected on a facet imaging. However, in this situation, the tunnel section image would present the movement path from 1 cavity to another in the video of the intensive scanning; (2) the diameter of the connecting tunnel is too small to be detectable by current imaging resolution or imaging intervals of the existing program is not fine enough. However, if such a minimal tunnel truly exists, there is doubt of how such an almost undetectable tunnel produces such extensive retinal edema and retinoschisis; and (3) the most likely explanation is that there are no direct connecting tunnels in a manner described by Johnson's theory.[@R9] Instead, there is a valve/flap-like structure, which is sometimes open and sometimes closed upon a pressure gradient[@R9] along 2 sides of the cavities. Therefore, the source of the fluid might be a potential cavity that communicates between the vitreous cavity and the retina, and the created pressure gradient presses water into the retina, causing retinoschisis but deserves further confirmation with more clinical cases.

Based on existing theories/hypothesis, we propose a unifying pathophysiological explanation for this acquired ODP/OPD-M: (1) the formation of ODP is because of optic disc atrophy caused by glaucoma and (2) fluids comes from the vitreous flow through valves into the intraoptic nerve and subretinal spaces. However, in the early stage, small cavities caused by atrophy are gradually formed and have not been completely connected in the retina but form potential channels and a flap-like structure. With the gradual expansion of the cavities, the vitreous cavity can directly communicate with subretinal/intraretinal space, and finally, expanded cavities connect the cerebrospinal fluid and the subretinal/intraretinal space. Our scrutiny, in this case, allows us to rule out the possibility of a potential fluid leak from the retinal or choroidal vessels.

Altogether, this case allows us to observe the early pathologic changes and disease progression of ODP using high-definition SS-OCT. Based on our findings, we propose a theory that unifies the 3 different explains for the source of liquid in ODP and reveals the different stages in the same disease. These findings could lead us to further understanding of the nature of acquired ODP.
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